
A COMPARATIVE STUDY OF NONLINEAR VIDEO RATE CONTROL 
TECHNIQUES: NEURAL NETWORKS AND FUZZY LOGIC 

Yoo-Sok Sawt, Peter M. Grant$.nnd John Al. Hunnuh$ 
t Centre for Communicutions Research, Dept. of Electrical Engincerin,g! 

Univ. of Bristol, Bristol, RS8 1 UB, UK. 
Tel: t&j 117 954 5125; Fax t&j 117 954 5206 

e-mail : Yoo-Sok.SavBbris.ac.uk 
$Dept of Electrical Engineering, University of Edinburgh, Edinburgh, 1~119 3JL, I/Ii. 

Tel: +& 131 6,50 5655; Fax: t& 131 650 6554 
e-mail : Peter.GrantQee.ed.ac.uk 

ABSTRACT 

Data rate managcmcnt of compressed digital video has 
been treated mainly from the teletraffic control point of 
view, i.c. by modelhng t.raffic or controlling congestion via 
net.work protocols. Relatively less attention has been fo- 
cusc:d on video rate management in the source coding side. 
III this paper we consider that it is more efficient and less 
costly to control video rate at the video source than hand- 
ling network congestion due to an extremely large quantity 
of incoming variable bit rate (VBR) video traffic. Thus this 
paper investigates effective rate control algorithms for video 
encoders. Considering t,he non-stationary nature of video 
ri1l.c: originated from scent variations (i.e. the wide bar1d 
nature of digital video)! we adopted and compared the per- 
formance of two nonlinear approaches; radial basis function 
( RRF) estimation using a neural network-based approach 
and fuzzy logic control as a nonlinear feedback control. 

1. INTRODUCTION 

Video ratr control is conccrncd with regulating video data 
rate in cor1junc:tion with video quality when video is cn- 
coded by statist.ically t)asc:d compression schemes such as 
\,I I’IX (Moving Picture Expert.s Group) standards. There 
is a trade-off relationship between data rate of compressed 
vicleo and resulting quality. 

1.1. Background of video rate control 

IIII clfoctivc rate control algorithrri bccorrics rriorc dcrr~ar~& 
ing when the video contains rapid motion or frcqucnt scent 
c:hangc:s mixed with less scene variations. ‘l’his wide band 
IliLl.IIrc: of digital video is il miLjor CiLlIS! of abrupt variatiorls 
in video rate. In this paper attention is focused mainly on 
video wit.h rapid scene variation, I:igs. I iLIltf % (“Adverts?‘, 
‘I’\! advertisements and movit: “Star Wars”), which cannot 
easily be acc:ornmodated in conventional schemes such as 
‘L’M5 and linear prediction-based methods. As an alterrl- 
at,ive, we introduce a priori knowledge (i.e. Jcene change 
Jcnlurcs t.0 represent variation iri visual informatiori) lo im- 
provr the rate control performance of the proposed rate 
cont,rol algorithms employ4 in the M PIN: video encoder. 

Although the MPEG2 evaluation model, TM5 specifics 
details of its rate control process, the scheme is based on a 
linear prediction technique and is known to bc inappropri- 
at.e for video with large scene changes. TM5 is presented 
as a prrformancc rcfcrcnce for comparison purposes in this 
pa.per. 

Figure 1. Selected frames from the “Adverts” sequence 

1.2. Feed-forward video rate con$rol: a neural net- 
work approach 

OIIC: of r~ovel architectures applied in this paper is the non- 
linear predictive video rate estimator using the RBF net- 
work. The RBF network is often classified as a special form 
of neural network with a smaller number of hidden lavers. 
It also has an advantage in the aspects of implementation, 
as it is a parallel structure. The RBF network is known to 
have better estimation performance than linear prcdict.ors 
for non-stationary signals. 

We employed the RBF n&work in a feed-forward predict- 
ive scheme, which exploits short-term correlation of video 
and improves the estimation performance. PIlthough one 
can achieve a certain level of performance by using linear 



techniques, the performance can be further improved if non- 
linear predict,ive technique is used. In this feed-forward 
scheme, the scene change features are used as the input 
for tht: R.BF video rate est,imator. ‘I’hey reprcscnt the 1st 
and 2nd-order st.atistical mcrasures: intra-frame variance, 
int.cr-frame variance: ~IIIS integer picture type (I, 1’ mtf B) 

values. 

1.3. Feedback video rate control: a fuzzy logic ap- 
proach 

The buffer-based video rate control is fundamentally a feed- 
back control in which the buffer occupancy is t.ranslated 
into a quantisation step size. As an improved feedback 
approach, we investigated a fuzzy-logic based video rate 
control technique. It is considered that conventional fuzzg- 
logic based control (FLC) d ocs not effectively control the -,. 
t,wo variables (video data rate and video quality) which are 
in a tradeoff relationship. The primary reason for this is 
that it is not easy to effectively project the control variables 
onto fuzzy rules due to the contradiction between these two 
variables on a rate-distortion theoretic basis. 

2. FEED-FORWARD PREDICTIVE VIDEO 
RATE ESTIMATION FOR MPEG 

'I'hc algorithm of the feed-forward RBF-network-based 
schcme~ Fig.3, is described in detail in [l]. In this scheme 
two of the three scene change features arc framcwise vari- 
ances, z~r-org(lc) and var-&f(k), which rcprcscnt the 
variance: ol lhc: input. picture and the variance between the 
input picture and the previous piclurc, rcspectivcly, where 
C represents picture time index. The other sccnc change 
feature is picture type, plypc(k), and a single value exists 
for t,he corresponding pict.ure type, thus it forms a cyclic 
t,ime series as k- proceeds as I,tic: picture type repeats, e.g. 
TBBPBBPB... 

Figure 3. The structure of the feed-f(~rffnrclnetwork for MPEG 
rate cont,rol. 

The RBF network comprises the rate estimator (RE). 

‘l‘he estimated video rate (zj(k) is used to derive an ap- 
propriate quantiser step size in association with the current 
buffer occupancy O(k - I, n). QC : represents the nonlinear 
quantiser control surface: sigmoidal or unimodal [l]. M BY 
stands for the number of mean bits per frame. 

2.1. Training and Optimising the RBF Video Rate 
Estimator 

111 consideration of the: configuration of t,hc: MPEGP video 
encoder, the number of R.BF ccntrcs is set to 9. The in- 
put, consists of 3 scent: change features, c!ach of which has 

3 taps. The number of time delays is equal to the nun- 

bcr of B pictures between P pictures. It is assumed that 
the cyclic repetition of the video rate is determined by the 
number of B pictures, and the correlation of the video rat,e 
varies with an interval of two pictures. Different numbers 
of centres - up to 50 - were also simulated and their per- 
formance was compared in normalised mean square error 
(NMSE), as shown in Fig. 4 and Table 1. We used realistic 
video sequences including two other sequences, “Cascaded” 
and “JFK”, to see the effect of the RBF network estimator. 
Three standard sequences, “Miss America”, “Football” and 
“Susie”, comprise “Cascaded”. “JFK” is an edited version 
of the movie “JFK” with rapid scene variation. For all four 
video sequences tested, the 6 to 9 centres appeared to ex- 
hibit very similar performance to cases of the larger number 
of centres. This signifies that the number of RBF ccntres 
may be set in conjunction with the number of the B pic- 
tures. This implies that the system complexity of a R.BF- 
network-based rate control can be dramatically reduced by 
selecting an appropriate number of centres from 
coding parameters. 

-6 

video en- 

Figure 4. Variation in NMSE profile with the number of 
cent.res. 

i MSE[dB] vur-(q(k) var-diflk) 

Cascaded -24.49 1224.8 519.6 

Starwars -22.44 1671.2 713.4 
--- ._._. -..-.-.. _ 

Adverts -20.67 2888.5 1143.9 

JFK -1.5.33 ) 3329.9 1914.7 

3. FUZZY-LOGIC BASED VIDEO RATE 
CONTROL: A FEEDBACK APPR.OACH 

3.1. A Basic FLC model for video rate control 

Although an analogy can be found in other fuzzy logic- 
based industrial applications, video rate control is not just 
a matter of controlling the level of liquid reservoir which is 
treated as a typical FLC application. In order to improve 
the FLC performance for video rate control, we introduced 
adaptive scaling factors which vary, depending on the scene 
change features. First, we examined the conventional FLC 
where the number of fuzzy variables is one, and its perform- 
ance was evaluated in various settings of the fuzzy control 
parameters. As an adaptive algorithm, a FLC scheme wit,h 
feed-forward scaling factors was designed and its perform- 
anc(! was compared to the conventional FLC. 



lic:c:cntly, a few leading researchers have applied the FT.C 
to vidc:o sequence: coding standards. The techniques aim 
to improve the video rate control performance for JPEG 
[?q 31 and II.261 [4] b y adaptively controlling the quantiscr 
and the buffer occupancy. The fuzzy logic-based control 
t,echniquc:s used in t.hese researches have the same: technical 
base in that they appeared to follow a series of common pro- 
cesses; fuzzification, decision making and defuxzification. 

Figure 5 shows the configuration of such a FIX-based 
video rat.e control (FLC-Ii) which takes the buffer occu- 
pancy as its only input, with its parameter settings shown 
in Fig.6. The control input., Go, which is used as the quant- 
isation step sixc, Qs(n)? is the input to the encoder with the 
macro block time index ‘IZ. The process of the FIX begins 
with calculating t.he error value: e(n). and its differential 
error value, d(~), which is the: difference between the cur- 
rent error value! e(n), and the previous error value, e(n-1). 
Its final output is obtained by a series of arithmetic oper- 
ations, e.g. t,he centre of gravity method [5]. All scaling 
factors (ye, yd and go) arc: constants whic:h arc: generally 
tuned by expert knowledge. 

Figure? 6. (1onfiguration of 6hr I:LC-based rate control. 

IIF 
(ZEMD) 

ferent inter-rule spacing, etc. It, is well known that using 
non-triangular shapes does not provide substantial differ- 
cnce in the performance. hence, the triangular shape is used 
here. ‘l’he formatjion can be asymmetrical since: the: posit- 
ive section of the e(n) value <:an have different significance 
from the negative section. In video rate control, however, 
both sections here are assumccl to have unbiased linguistic 
interpretation. Thus, the membership functions shown in 
Fig. 6(a) are symmetrical with respect to the centre value 
0. Fig. 6(b) shows the configuration of the rule base to 
determine the dynamic behaviour of the FLC system. The 
s-dimensional representation of FAM, Fig. 6 (CT)- reflects 
the dynamic property of an organisation of rules and mem- 
bership functions. Fig. 6(d) .h $ ows the resulting control 
surface for the FAM configuration of Fig. 6(b) ad (c) with 
the two input variables, d(n.) and e(n). 

3.2. FLC with adaptive scaling factors 

Scene change features provide vital information about the 
resulting number of bits for an incoming picture in advance 
of encoding it. Here, they are incorporated with the non- 
adaptive scaling factors (ye, gd and go) of FLC-R, as shown 
in Fig. 7, in order to adaptively scale inputs of the fuzzific- 
ation process, e(n) and d(n). This configuration forms the 
adaptive FLC scheme (FLC-I’S). The t,hree previous scene 
change: features are supplied to the scaling lactor calcula- 
tion block (Scaling function) which generates time varying 
scaling factor values, yc(lr) and gd(lc). The remaincler of the 
FI,CI;‘S operation is t.he samr as l’l,C-13 clcpicted in Kg. 
5. In the mapping function t,he equat,ion maps t hc: scene 
change features to t,he scale factors as follows: 

In 1 his sc:heme, t,he scaling factors vary depending 011 t,he 

scene changes fc:aturc:s so that the video rate c:an be con- 
trolled effrctivcly for the: next video image. This enhances 
the performancc~ of the: FLC-based rat,e control scheme. 

Figure 7. configurat,ion of the I’I,C-1:s. 

4. SIMULATION STbDIES 

The performance of t,he feed-forward rate estimators is first 
evaluated and FI,(: schcmcs will be compared with rate 
estimators on the test bed of the hlPT:,(:Il softwwe encoder. 
‘I’he new configuration of the MPEG2 encoder was verified 
with a variety of different settings of encocling paramet.ers. 
Howevc:r, WC only present representative simulation results 
for the “Starwars” sequence. (dl 

Figire 6. I~uzzy logic-bawd paramctrrs for video rate control. 
(a) nlc:rnbc:rship function, (t)) FAM, (c:) :%-dimensional represent- 
&on of 1.1~ I:AM, (d) the resulting control surface. 

‘T‘hcs rnc:mbc:rship runc:t.ion can take! cliffrtrent shapes, ciif- 

‘I‘hc: ~ll’I~X2 video encoder basecl on ‘l’M5 was set to or)- 
crate: at a channel rate of 1024 kbits/s and a frame rate at, 
30 frames/s. It, has a buffer wit,h the sizct of twice: the klBF. 
‘I’his size of buKer is specified for low delay mode codings in 
bi-direcbional communications. ‘l.‘he unimodat function was 



used as the quantiser control surface since it possesscts better 
performance for video rate control than the sigmoidal fnnc- 

t.ion. For the feed-forward rate control scheme, three tcch- 
niques arc c:valuat,ed: the two ralc: estimat,or-based schemes, 
RLS (recursive linear est,imation technique) and RBF. 

Table 2 shows the mean and standard deviat,ion for 
each of the performance measure over the whole sequence. 
NFVR in the middle column stands for normalised fluc1,11- 

at.ion of the video rate which reprcscnts variation of cbf(). 
It. is expressed in the following equation: 

NFVR = &, &k;[(~-l)2] (‘L) 

where cbf k’ 
I& 

represent,s instantaneous fluctuat.ion. 

‘l’M5 exhibits the worst occupa~~cy performance, often 
reaching buffer overflow on some sequences such as “JE’K”: 
with more rapid movcmcrit. The schemes based on pre- 
dictors, RLS and RBF, show bet.ter performance than Tlv15 
in both bit rate and PS.UR. RBF appeared to be capable 
of maintaining the occupancy lower with a smaller stand- 
ard deviation in comparison to R.LS. RBF also exhibits a 
similar PSNR value to RLS. This result implies that the 
nonlinear rate estimator, RBF-network, works more effect- 
ively for non-stationary video with many scene changes and 
rapid motion without further degradation in video quality. 

‘rhe basic FLC model (FT,C-R) possesses a considerable 
flexibility t.o change the fuzzy control parameters. ‘The scal- 
ing fact,or for the out,put go(k) was set to 1. Pictures, which 
entail a large number of bits, will bc: given much stronger 
control action. Whc:n they are I or P pictures, the distortion 
caused by rate control will affect the next coming pictures. 
I:or this reason PSN Ii rc:Inains low when scaling fact.ors are 
large. 

The FLC model assisted by the feed-forward scaling 
fact.ors (FLC-FS) was asscssc:cl with respect t,o FL.<!-R.. 
hj;hile FJ.,C-R is superior in controlling the video rate or 
the occupancy to FLC-FS, the lat,t.er shows wider variations 
since its scaling factors change depending OII SWIIC (:hilllg(!. 

Hence, profiles of the occupancy and vidw rate may vary 

dramatically depending on t.he swnc: change:. ‘I‘hc: video 
rate profile exhibits similarly changing patterns. 

FT,C-R c0nsist.s of fuzzy control rules based only OII 

1.11~: occupancy-related rules. ‘J’hereforc. it tll)[)t!iLIY!d to tw 

powerful in controlling the oc:(.upancy. However. it. does 
not, t.ake account of the qualily, illltl iL shows lower figures 
in PSXR. For FLC-FS, t.hc scaling factors are allowed to 
change wit.hin a l-t.o-8 range dcpcuding OII the scene change 
feat,ures as specified Eqn. I. III I:I.(‘-1:s. the: scaling fact.ors 
gc(k) and !/d(k) scale iip tlic error signal, e(n). Fig. 7. to 
adaptively chang(! the actual input of c( n.). The: scaling 
fact.ors are generally smaller than 8. and Chc resulting pcr- 
formance of the occupancv c:ont,rol appear to be inferior to 
l*‘I,C7-R. Accordingly, J:I,(--I:S shows more fluctuating pro- 
files. Ilowcvrr. t,hc feed-forward scaling factors (ye(k) and 
gd(k)) improve: the video quality by making the most of 
t.he occupar~cy margin below 30%. Therefore, it is con- 
cluded that FLC-FS performs better than FTX-R. in terms 
of PSXR achieved as wc:ll as the: ocxnpancy. 

(?~rnparing the FLC-YS scheme with the KBF cstimator- 
t)iLWd scheme, the performance shows no not,iceablc difl’cr- 
cncc as show11 in ‘rable 2. Thus, comparison between thcsc: 
two sc:hemcs should bc considered from a dill’ercnt point, of 
view: performance for particular scene change types, implr- 
mentational complexity, etc. 

I TM.5 : 41 (7s) ,0.x 0.2xs I3704 33 27 2.69 

R1.S IX ,3x, 4s ,,.I?7 4Sl’J 13.w 2 51 

; FLC-R 27 02, I.5 O.OXh 1321 / 33.40 2.w 
I-- -. 

FLC-FS IV (42, 5.3 0 l4h 50% i 33.86 2.55 

RBF 12(31) 4.3 0.124 42x8 33.x7 2.54 

Table 2. Performance comparison between FLC-R and FLC- 
FS (“Starwars”). 

5. CONCLUSIONS 

Improvements on video rate control have been achieved us- 
ing nonlinear approaches: RBF-network and fuzzy logic 
control. These two approaches have different st,ructures and 
properties, thus, performance comparison is not straight 
forward. Ilowcvcr, a comparison can be made in t,erms 
of feasibility. ‘I‘he fuzzy logic approach is considered to 
be computationally simpler and less complicated, which is 
critical to implementation. However, the simulation results 
show that the RBF-network scheme does exhibit a lower 
mean buffer occupancy than the fuzzy logic-base control 
schcmcs. ‘I’his feature is advantageous for low-delay applic- 
at.ions since short.c:r delay can be achieved by maintaining 
low buffer occupancy. In the Itljl“-rletwork-based scheme:. 

supplcmcntary processing is required on the estimated video 
rate information to derive: a corresponding quantisation step 
size to achieve the predictive rate control function. On the 
other hand, the fuzzy logic-based control can accomplish 
the: equivalent task by using a set of rules, a pair of control 
variables and adaptive scaling factors. This configuration is 
generally simpler t,han the approach for predictive scheme. 
Hence, as the performance is very similar, the fuzzy logic 
approach is more promising in terms of system complexity 
than the RBF-network-based scheme. 
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